Abstract: A multiscale differential fractal feature of an image is proposed and a small target detection method from complex nature clutter is presented. Considering the speciality that the fractal features of man-made objects change much more violently than that of nature's when the scale is varied, fractal features at multiple scales used for distinguishing man-made target from nature clutter should have more advantages over standard fractal dimensions. Multiscale differential fractal dimensions are deduced from typical fractal model and standard covering-blanket method is improved and used to estimate multiscale fractal dimensions. A multiscale differential fractal feature is defined as the variation of fractal dimensions between two scales at a rational scale range. It can stand out the fractal feature of man-made object from natural clutters much better than the fractal dimension by standard covering-blanket method. Meanwhile, the calculation and the storage amount are reduced greatly, they are 4/M and 2/M that of the standard covering-blanket method respectively (M is scale). In the image of multiscale differential fractal feature, local gray histogram statistical method is used for target detection. Experiment results indicate that this method is suitable for both kinds background of land and sea. It also can be appropriate in both kinds of infrared and TV images, and can detect small targets from a single frame correctly. This method is with high speed and is easy to be implemented.
INTRODUCTION
The concept of fractal had been introduced by Mandelbrot to describe realistic objects by means of controlled irregulation [1] . From then on, fractal features have been used for target detection and have shown many advantages over traditional approaches and give a new promising way for automatic detection of man-made objects in the natural background [2] . Meanwhile, methods of extracting fractal feature based on fractal model have been researched more and more. In the application of real-time system, the problem of enormous amount of calculation should be solved. Correct choice between discrete scale and the amount of calculation should be made. The computation of fractal feature can be generalized as the following two main processes. One is the metric value under different scale and the computation of logarithm, the other is the least square linear fit between the metric value and the scale vector. In the whole amount of calculation, the latter takes up more than the former.
Considering target detection make use of the fractal feature different between targets and background, and there is no need to calculate fractal parameters precisely. blanket-covering algorithm is simplified and a new multiscale fractal feature based on differential method has been put forward. More than 300 frames of infrared and TV images for both sea background and land background used for verifying the algorithm. The experiment results show that this method is suitable for background of land or sea. It also can be appropriate in both kinds of infrared and TV images, and can detect small targets from a single frame correctly.
It's with a better robustness and popularity, and with high speed and easy to be implemented.
MULTISCALE DIFFERNTIAL FRACTAL FEATURE
Mandelbrot described an approach to calculate Fractal Dimension (FD) while estimating length of coastline. Consider all points with distances to the coastline of no more than . These points form a strip of width 2 , and the suggested length L of the coastline is the area of the strip divided by 2 . As decreases, L increases. Mandelbrot studied that for many coastlines the following formula holds good. Peleg et al [3] extended the idea to 2-D. In this extension, the image can be viewed as a hilly terrain surface whose height from the normal ground is proportional to the image gray value. Then all points at distance from the surface on both sides create a blanket of thickness 2 . The estimated surface area is the volume of the blanket divided by 2 . . It is based upon the hypothesis that the fractal dimension D is a constant value at all scales, which satisfies the scale invariant of ideal fractal set. But there is no natural object which strictly satisfies with the hypothesis of having constant fractal feature, the nature scenery only has attribute of approximate self-similarity. So it is more reasonable by multiscale fractal feature to distinguish man-made target and nature background in real application.
The process of calculating multiscale fractal feature is as follows. when the scale is at 1 
there is some difference between the fractal dimensions of a nature scenery and of a manmade target, but in practical image with the influence of the image noise, it is hard to distinguish between the nature background and the manmade target from the fractal dimension of single scale. Under multiscale circumstances, the fractal parameter of the nature scenery can keep comparative stabilization in some certain scale scope, while the fractional parameter of the man-made objects shows obvious changes with the same scale [4, 5] . For outstanding the difference between the changes of the nature scenery's fractal features and that of the manmade targets with the change of the scale, we define a new characteristic of multiscale differential fractal(MDF) as follows.
MDF is the fractional parameter of the fractal dimension under the bigger scale M and a smaller scale N. We can also comprehend it as the differential within the scope of possible scales the fractional parameter of the fractal dimension under the biggest scale and that under the smallest scale. MDF is a multiscale fractal feature, and it gives prominence to the difference of the fractal feature between man-made targets and the nature background better than the standard fractal feature educed from formula (3). Figure 1 gives the new fractal feature and the contrast to standard fractal feature with blanket-covering algorithm.
Among them (a1) is a television image of tank target with land background, (b1) is an infrared image of tank model (a1)(b1)(c1)are original images,; (a2)(b2)(c2) are standard fractal dimension images; (a3)(b3)(c3) are new fractal feature images Figure 1 new fractal feature images
with land background, and (c1) is an infrared image of ship target with sea background. It can be clearly seen that the new fractal feature can give prominence to distinguish man-made target within complicated nature background better than the standard fractal feature.
We compare the new fractal feature with the standard blanket-covering algorithm in calculation amount as follows.
The volume estimation of the latter is by iteration of the top surface area and the bottom's. When the biggest scale is M, it needs expansion and eroding arithmetic for M times, and the surface area calculation result should be stored for M times additionally. So the amount of calculation and storage is very large. But, the new feature only needs the fractal dimension of the biggest scale and the smallest scale. From (8) and (9) More over, blanket-covering algorithm needs to calculate logarithm of A of M surface areas as formula (3) and to compute the linear fitting of the logarithm vector of scales. Least square method is usually employed, and multiplication is needed for 2M+2 times while subtraction for 4M+2 times. The new algorithm only needs a single subtraction by (9).
THE METHOD OF TARGET DETECTION
The difference of multiscale fractal feature between man-made target and nature background can be used to detect targets. In the image of multiscale fractal feature, as man-made target takes up the brightest parts, we can classify targets and backgrounds conveniently from the new fractal feature image pixels.
The target detection method is adaptive to a big target and small one, where the big target detection can be generally accomplished in target matching, while the small target detection is the nodus in target detection. In our target detection, the size of the target is generally no bigger than 1% of the whole picture, for example, for a 200*200 image, the target size is assumed under 20*20. We use gray histogram to statisfy the new fractal feature image and accumulate the area.
From the highest gray degree, when the area accumulated to the area that the target takes up, as big as 1%, the gray degree can be set as the threshold. We assume that 
EXPERIMENTS AND SUMMARY
The above target detection method is adopted in the experiments with more than 300 frames of infrared and television images of land and sea background. The image size is 200*200 and the target size is in the scope of 3*3 ~20*20 with low signal-noise ratio. The ground target in the television image is a tank, the background are roads, slopes, smoke, From the experiments we can see that the target detection based on new multiscale fractal feature put forward in this paper can keep stability and universal adaptability quite well in the target detection of the infrared images and the television images of land or sea background, and it can detect and locate small targets from single frame effectively. The new multiscale fractal feature has the characteristic of less calculation, and it stands out the fractal feature differences between man-made target and nature background. The threshold decision doesn't need manual interference and it is rapid and reliable. With the advantage of fast and easy realization, the algorithm is rather a good method for small target detection with complicated background.
